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STANDARD SYMBOLS FOR HEGICO13!lIlW

By fwrred GeSsow

A list of standard s@bols for rotating-wing aircraft is presented.
The list of sy_abolsis subdivided for ready reference under ap~royriate
headings, the synibols%eing restricted to those most generaUy used h
studies of helicopter aerodynamics.

INTRODUCTION

Great interest has hem shown by manufacturers of helicopters and
by various government agencies charged with the design, em+ation, and
procurement of helicopters in the stamlamiization of symbols for use in
their work. A survey was therefure conducted among mmibers of the
armed services, tidustry, certain educational institutions, and various
government agencies in order to obtain an indication of their prefer-
ences. This survey was made by the Helicopter Committee of the Society
of Automotive Engineers in cooperation with the NACA Subcommittee on
Helicopters. The results of the survey hlicated a definite preference .
for those symbols that had been m,st widely used in the past. Accord-
@lY, a list of synibolsthat have appeared in many papezw on rotating-
wing aircraft has been prepared and correlated. This ~list, which is
presented hereti, was approved as stemdmd by the members of the
NACA Subcommittee on Helicopters at a meeting held on Deceniber3, 1947.
The ?nmibershipof this Subcommittee is cmsidered representative of the
various groupE contacted during the aforementioned survey.

The syrfibolslisted have been Mmited for the present to those most
generalJy used in helicopter aerodynamic studies. Specialized,symlolE
necessary h vibration, stress, and stability work remain to be devel-
oped and

The
velocity

standardized &sthese-studies mature with time and use.

SYMBOIS

units given in the definition of the symibob pertaining to
and amgles were chosen to make the equations compatible and

the coefficient; of the correct ma@tude. tie units given are not
Intended to preclude the use of alternate units that might be mm%
convenient for use in plots or tables, in which case the alternate
unit should be specified.
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An att.aqytwas made to “keepthe symlols as general as possible
order not to restrict their use. For example, no specific formulas

1604

in
were

given for the symbolE rqresmt ing induced velocities or performance
pz’ameters in order to allow the seinesyribolmto represent these quantl-
ties, regardless of the exactness of the formulas used h evaluating ‘
them. For similar reasons, the choice of axes to go with the synibols
for rotor rolling, pitching, and yawing mments waa left open.

The list of
yriate headings.

The synibolE

smols is subdivided for ready reference under appro-

2hysical Qumtlties

representing the physical characteristics of the
helicopter and of the medium-in wh;ch it operates are as follows:

w’ gross weight of helicopter, pounds

b numiberof blades per rotor

R blade radius, feet

r ‘radialdistance to Kkde element, feet

x ratio of blade-element radius to rotor-bMe radius (r/R)

c blade-section chord, feet

a

e

/’--R C$ &?

equivalent blade chord (on thrust basis), feet

[J )

o
Ce R

l$ar
o

rotor solidity @ce/fi)

blade-sectionpitch anglej angle between line of zero lift
of blade section and plsne perpendfculm to axis of no
feathering, radians (See section Wr flow relative to
rotor” for defWt ion of axis of no feathering.)

‘o

e

blade pitch amgle at hub, radians

difference between hub sad tip pitch
tip angle is Umger, radians

emglesj positive when

distance from drag hinge (verticalpin) to axis of rotation,
feet

---- —.. —... . . ..
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c

c.

m ma8s of blade ger foot of

11 mass mmmnt f inertia of
z

slug-feet

radiusj slligsper foo.t

blade about flapping hinge,

7 mass constant of rotor blade; eqresses ratio of air forces

to centrifugal forcee
(c+%)

(See section ‘Wade -

element aezmdynamic characteristics” for definition of a)

P ms8 density of air,.f31ug6Qer cubic foot

Air-Flow Parameters

Air flow relative to rotor.- 3efore -the synbols associated with
air flow relative to the rotor are listed, it is considered advisable
to define an axis that is used as a reference for this system. This
reference axis is calLed “theaxis of no feathering” and is def3ned as
the axis about which there is no first harmnic feathering or cyclic-
pitch variation. The plane perpendicukr to this axis has been temned
the “rotordisk” in many papers on rotat~-wing aircraft. Iimsmuch as
the @s of no feather@ is basic to sn understanding of _ of the
symbo~ included herein, its use and significance is discussed in detail
In the appendti.

that are

-v

~h

Vv

Q

a

v

u

symbols for the velocities, velocity parameters, and amgles
used-in defining the air flow relative to the rotor follow:

true airspeed of helicopter along flight path, feet per second

horizontal component of true airspeed of helicopter, feet per
second

vertical component of true airspeed of helicopter, feet per
second

rotor angular velocity, radians per second

rotor angle of att~kj angle between projection in plane of
symet~ of axis of no feathering and line perpendicular to
flight path, positive when axis is pointing rearwerd,
radians

induced inflow velocity at rotor (al~s.positive), feet .pgr
second

tip-speed ratio
(Vc=a)
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A imfk)w ratio
(
Vsin a-v

QR )

v’ resultant velocity at rotor;

NACA TN NO. 1604 .

.

vector sum of
3nduced velocities, feet-per second

v blade azimth angle measured from downwind
direction of rotation, radians

trsmslational

position in

and

Air flow rektive to blade element.- The velocities and singles
defining the afi flow relative to the rotor-btie elements are illus-
trated & figure 1. The sydols for these quantities are Mated as
follows:

% c~onent at blade element of resultant velocity perpendicuhr
to blade-span axis and to ~is of M feathering, feet per
second

Q component at ELade element of resultant velocity perymdicular
loth to blade-span-e end ~, feet per second

% component at blade element of resultat velocity parallel to

blade-span axis and yerpemdicularto ~, feetyer second

u resultant velocity Perpendicular to blade-span axis at blade
element, feet per second

inflnw angle at blade element inpkne perpendicular

s-panas, radians

()

tin-l Ug
UT

% blade-element anglm of attack, measured from llne of
tii~ (e + @)

h blade-

zero lift,

a(x) (*) blade-element angle of attack at any radial position and at any
blade azimuth angle, d~esj for exemple a (l.o)(!qo”) ‘s
blade-element angle of attack at tip of retreating blade
at ~0° azimuth ~ositlon

Aerodynamic Characteristics

l?bde-eL3ment aero@ynemic characteristics.: The syftibolsfor the
two-Mmensional aerodynamic characteristics of the airfoil sections
comp?is~ the rotor Klaie.elemen.tsare listed as follows:

cl section lift coefficient

—..
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● cd section profile-drag coefficient
o

a slope of curve of section lifL coefficient against section
angle of attack (radianmeasure)

Rotor aerodynamic characteristics.- The syuibolsfor the quantities

that define the aeroQnamic characteristics of the rotor are listed as
follows:

L

D

T

Y

Q

P

~1

M

N

CL

CD

CT

‘%

CQ

lift, younds “

drag, pounds

rotor thrust, younds

lateral force, Pounds

rotor-shaft torque, po~d-fe?t

zmtor-shaft power, pound-feet per second

roll@g moment, pound-feet

pitchm moment, pound-feet

ya* moment, pound-feet

lift coefficient

(
*
@U

drag coefficient

(
*pv l-c

thrust coefficient “

( #-fi p(.QR)2)

Lateral-fome ()Y \
coefficient

~
2

rotor-shaft torque coefficient (<*)

.-— .—. -z
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rotor-shaft power coefficient
(&:@)

rolling-moment coefficient

&4

yitcMng-mment coefficient
(\l’~”&

“)

(yawing-moment coefficient s IV

\
12&R@V Yc

)

tip-loss factor; K1.adeelenmnts outlloardof radius BR are
assumed to have yrofile drag but no 13ft

rotor figure of merit
(“*’o’P),

the factor 0.707 Is

included to
to unity

make the maximum (ideal) figure of merit equal

Rotor-Blade Motion

FlaQp@ motion.- BIAe flapping nntion~be described as the
variation with azimuth angle of the blade flapping q18, the f~PP@3
-be- def~d aa the angle between the blade-span axis and the
ylane perpendicular to the axis of no feathering. This motion maybe
expressed aa a function of the azimzth aqgle by the Fourier series

“$=% - al cos ~ -blsW!-~cos2~-b2 sin2~- . . .

where

P blade flappbg angle at partic~ azimuth position

% constsnt tefi in Fourier series that expresses f3 (Z’aaism.);
hence, the rotor cacdng em.gle

a
n

coefficient of cos n* in expression for 6

bn coefficient of sin n~ in expression for f3

*

,
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Feather@ motion.- Feathering mtion ~ be described as the
variation with azimzth angle of the blade pitch angle at a representative
radi,w, usually tabn at 0.75 radius. This motion maybe expressed as
a function of the azimuth singleby the Fourier series

e=% -Al COS ~ -B~sin$ -A2cos24- B*sin 2*-.. .

where

e blade pitch angle at particular azimuth position

43 constant temn in Fourier series that eqresses 13 ~radians)j
hence, the mean blade pitch emgle at the representative ‘
radius

An coefficient of cos n~ in expression for El

% coefficient of sin n~ in expression for @

In-plaDe motion.- The blade drag bngle is deftied ‘ksthe angle
between the blade-span axis and the 13ne drawn through the rotor center
of rotation and the drag hinge, the angle being positive in the dixection
of rotation. Changes in the blade drag angle are termed the “in-plane
motion” of the rotor bkdes. This motion maybe exyressed as a function
of the azimuth angle by the Fourier series

K=%+Elcost+Flsfi*+E2cos2*+ %s~w+ ”””-

blade drag angle at particular aztith yosition

constant term in Fourier series that expresses ~ (riians )j
hence, the mean blade drag angle

coefficient of cos n~ in expression for ~

coefficient of ah n* in expression for ~

.
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Performance

Parameters useful for expressing helicopter performance are as ‘
follows:

.

0DE r

()DE u

f

rotor profile drag-lift ratio

rotor induced drag-lift ratio

prasite drag of helicopter components other than lifting
rotors divided by rotor lift

drag-lift ratio representing angle of clhib, positive in

( )-1 Tv
Chrib ten —

‘h

rotor drag-lift ratio;

(orotor lift Q +
L
o

ratio of equivaibnt drag of rotor to

())

D.
E

i
.

component of rotor resultant force along flight yath (that is, ,
useful component of rotor resultant force) divided by

shaft yower yarameter,
divided by velocity
equal.to drag force

where P is equal to rotor-shaft power
along flight path and is therefore also
that could le overcome by the shaft

,ow~ratfM@tvelOcity (@)r+@)J

equivalent-flat-plate area representing pras ite drag, ba8ed on

unit drag coefficient, square feet

(

Helicopter psrasite d.r
1#2

?’
.

2

Ia.ngleyMemorial Aeronautical Laloratorg 0
Nation@ Adviso~ Committee for Aeronautics

Langley Field, Va., March 16, 1948
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EXJ?IANATIONOF MEANING AND SIGKUZKWTCE

OF AXE OF NO ~G

At the time that the basic theo~tical treatments of rotating-w@
aircraft were made, the typical rotor arrangements tivolved the use of
-es to permit f@@ng but provided no mechanism by means of which
both flapphg and feathering could be introduced relative to the rotor
shaft. The desired orientation of the rotorwaa achieved by tilthg
the rotor f3hafto Since that time, the mechanical arrangement in most
desi~ has been altered so that the rotor attitude is controlled by
featherhg. A controllable amount of first—hamoni c b~de -pitch change
is thus introduced relative to the axis of the rotor shaft. The two
systems are aerodynamically equal; the blades follow the sau path
relative to space axes, as regards both pitch angle and flapping angle,
for any given flight condition regardless of the mechanical.means used
for achieving it. This fact may 30 confirmed by inspection ~a can also
be demonstz%ed mathematiczdly.

h practice, the present ntor systems involve both flapping snd
feathering, and, for comparison with theory based on either the ass_m@-
tion of no feathering or no flapp~, a conversion would be necessary.
Since most of the available treatments assume no feathering, it is
expedient to convert to this conditim.

Z’he conversion involved is si@y a change of reference axes,
which can _be more easily understood by reference to figure 2.
Figure 2(a) shows a longitudinal cross-section of the rotor cone for
a system without featherhg (that is, a pure flapy~ system) emi the
longitudinal tilt of the rotor slmft required to orient the rotor to
correspond to some particular flight condition. h figure 2(b) the
flight condition is assumed to le the same and, hence, the tilt of the
rotor cone with respect to the flight path is the same, but the tilt is
achieved by-a conbhat ion of shaft tilt and blade feathering rektive
to this shaft. For clmrity, the feathering is assumed to be achieved
by a “mash” (or control) plate Wed in such a manner that a
1° longitudinal tilt of the plate produces 1° of featherimg in the I&des

when the blades are in the lderal position and no feathering when the
blades are alined I-ongitudtially.The blades do not change pitch with
reference to the plane of the swaah plate, aS they re~olve~ nO ~tter
how the swash plate is tilted. Ih figure 2(a) the blades do not change
pitch as referz%d to the shaft axis while revolvimg. The exis of the
swash plate in figure 2(b) is thus equivalent to the shaft axis in
figure 2(a) @ofar as periodic pitch-angle variation is concerned.
Since the swaah plate need not be ri~ed as assumed h this figure and
since the true signlficance of its axis is tlmt no feathering is intro-
duced relative to it, this axis is termed the tis of no feathering

#
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rather than the swash-plate axis. It corresponds to the
an equivalkmt (or pure flapp3ng) system incorporatingno
feathering.

shaft sxis “for
means for

A lateral CZ’06S-section of the rotor cone sbilar to figure 2 may
be drawn which would show the relationships between flapping and
feathering fi that @ane.

Flap@ng and feathering angles refereed to the rotor shaft can le
converted to flqrping alout the axis of no feathering by means of simple
relationshi~s. W the expressions that follow, the subscript “s”
indicates that the quantity is referenced to the rotor shaft. The
measured flapp~ relative to the shaft is expressed as

13s= ~8 - a% cos *

The measured pitch angle

es s

Flapping

B

f%, - Als COS ~

with respect to

-b L strlv - ~s Cos 2* -b2ssin 2*.”.

rektive to the shaft is expressed as

-B
&

sti~-A2~cos 2~-B28sti2v . . .

the tis of no feathering is expressed as

‘% -altos*-blsin*-~cos2* -h2sin2$o04

Titch angle with respect to the axis of m feathering is expressed as

19=~-~cos 2v-B2sin 2$...

The first harmonic terms %ecome zem by definition. Then, the equations
for transferring from the shaft axis to the axis of no feathering are:

=a
a. OS

. .%3=%s

%=%S+BIS

% + -~
s s

\

.-
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All haxmonics greater than the first are unaffected by the transfer of
axee.

If the angle %etween the perpendicular to the rotor shaft and the
air stream is defined as ~, the rotor angle of attack a is given by

,



L
Line of zero Nft

‘ Axis of no feathering
\

e

I

Rotor disk

up

Figure l.- Air flow relativeto a blade element.
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A

\

Rotor-shaftaxis
1, .~L_. andaxisofno

(a) Pure flappingsystem.

\

Swashplate
(’\

Perpendicularto ‘--BI
flightpath— s

Axisofswashplate
~

s-
sndaxisofno

%~

Rotor-shaftaxis

(b) Combinedflapp@ andfeatheringsystem. .

Figure2.- Longitudinalcrosssectionsoftherotorcone,showfngthe
quhmlenceofa systemtivolvingbothflappingandfeathering
(referredtotheshaftaxis)toa pureflappingsystem(referredto
theads ofnofeathering).
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